Abstract-This paper suggests a high efficiency inductive wireless power transfer system can be achieved by improving beaming field. Theoretical analysis, simulation results and experimental results are presented in this report. The coupling coefficient is enhanced through the use of multi-coils on the primary, ensuring a long distance transfer over a wide operating frequency range. It is a significant technique to overcome the shortcomings of wired charging. A prototype is constructed and the optimum air gap between the primary side and the secondary side for the power transmission is 15mm with 60 kHz of switching frequency. The results obtained reveals that asymmetric 4-coil resonator has greater power transfer efficiency for a similar gap compared to symmetric 4-coil resonator as the source coil effective inductance is boosted two times by intermediate coils at the primary side.
INTRODUCTION
The way of a battery charging can be categorized into wired charging and wireless charging [1] . To transfer electrical energy from power source to an electrical load, wired charging requires cables, whereas wireless charging does not require any cable as it uses induction coils to create the beaming field (B-field). Electric vehicle is one of the technologies that applied wireless power transfer (WPT) system. A full bridge power converter is used as a power supply to the WPT system [2] . The primary coils are embedded underground, and the secondary coils are placed underneath the vehicle. When the vehicle stops at a point where the primary coil is placed, the WPT takes place automatically without any human intervention. The convenience of wireless charger is user does not need to handle the power plug which can be life-threatening due to very high charging voltage [3] .
WPT system with two-coil resonator is the first development of the system and then followed by three-coil resonator. Although the three-coil resonator system has better performance compared to the two-coil resonator system, the researchers keep on finding a way to improve the system. Next is the current asymmetric four-coil resonator as shown in Fig.  1(a) . The source coil and transmitter coil are placed at the primary side and the receiver and load coils are placed at the secondary side. In this technique, the source coil and transmitter coil effective inductances are provided by intermediate coils. However, the primary side does not affected by the secondary's intermediate coil if the distance between both sides is too far. Therefore, the technique is close to the three-coil resonator technique because the intermediate coil boosts one time [4] - [8] .
A reduction of the RMS current in the primary side is an easy way to increase the system efficiency. To achieve a low RMS current in the primary side and a high system efficiency, the latest suggested invention of the WPT system is asymmetric four-coil resonator as presented in Fig. 1(b) [9] . At the primary side, it is made up of a source coil and two intermediate coils.
At the secondary side, it is only made up of a load coil. To achieve the maximum power transfer efficiency, the source coil and the intermediate coils must be on the same plane. The resonance capacitor in each intermediate coil resonates with the intermediate coil [10] - [13] . This paper focuses only on the symmetric four-coil resonator and asymmetric four-coil resonator.
II. METHODOLOGY

A. Theoretical Part
The prototype circuit of asymmetric four-coil resonator is shown in Fig. 2 . The design of the circuit in [3] is used as a benchmark to construct the prototype circuit. The specifications of the prototype circuit is depicted in Table 1 . The recommended value of switching frequency, fs is 90 kHz when silicon MOSFETs are used for the inverter. fs can be calculated using formula derived in [3] , [14] as follows:
where L and C are the values of inductance and resonant capacitor for each coil respectively. However, the value of fs is set to 60 kHz because Arduino Uno is utilized to control the switching and the maximum frequency that can be supplied by Arduino Uno is approximately 68 kHz. For the asymmetric four-coil resonator system, the value of resonance frequencies for intermediate coil The wire used to construct the coil is SWG 25 copper wire with a diameter 0.5 mm. L of each coil is measured using LCR meter and C1 is supposedly 541 nF as calculated from (1) .
Unfortunately, the wireless power transfer does not occur and the value of C1 needs to be determined manually same goes to C2, C3, and C4, by changing its value while keeping the inductance and frequency values until the wireless power transfer occurs. Hence, the most suitable value for C1 is 703 pF.
B. Simulation Part
The behavior of B-field of symmetric and asymmetric fourcoil well-alignment condition are displayed in Fig. 4(a) and Fig.  4(b) respectively. The red arrow indicate the B-field are strong and the B-field becomes weaker as the arrow turns into blue. Based on the simulation results, the red arrow at the asymmetric four-coil are obvious. This means that the B-field of asymmetric four-coil received by the load coil is larger than symmetric four-coil the source coil effective inductance is boosted two times by the intermediate coils at the primary side. 
III. RESULT AND DISCUSSION
The experimental part of the WPT system with a symmetric four-coil resonator and an asymmetric four-coil resonator is divided into two, (1) well-alignment condition and (2) misalignment condition. The hypothesis of the experiment is to validate that WPT system with an asymmetric four-coil resonator is better in enlarging the B-field compared to symmetric four-coil resonator. Fig. 6 shows the prototype of WPT system built with the specifications obtained from Table  1 .
A. WPT System with Well-Alignment Condition
Based on the experimental results, graph presented in Fig.  7 is plotted to observe the relationship between output voltage and air gap between coils for WPT system with a symmetric four-coil resonator and an asymmetric four-coil resonator with well-alignment condition. The maximum output voltage to turn on the LED is 1.80 V. From the graph, the maximum air gap for WPT system with a symmetric and an asymmetric four-coil resonators to turn on the LED are 25 and 30 mm respectively. The optimum air gap for both WPT systems are 15 mm as indicated by the data callout. The output voltage for WPT system with a symmetric and an asymmetric four-coil resonators with optimum air gap are 2.08 V and 2.24 respectively. The results in Fig. 8 are captured from the oscilloscope during conducting the experiment.
B. WPT System with Misalignment Condition
The graph in fig. 9 illustrates the relationship between output voltage and air gap between coils for WPT system with a symmetric four-coil resonator and an asymmetric four-coil resonator with misalignment condition. From the graph, the maximum misalignment for WPT system with a symmetric and an asymmetric four-coil resonator are 25 and 30 mm respectively with fixed air gap, 15 mm. The optimum misalignment for both WPT systems are 15 mm as indicated by the data callout.
The oscilloscope in Fig. 10 shows the output voltage for WPT system with a symmetric and an asymmetric four-coil resonator with optimum misalignment are 1.92 and 2.08 V respectively.
The results reveal that the asymmetric four-coil resonator has better ability to transfer voltage wirelessly for both conditions because the source coil effective inductance is boosted two times by intermediate coils at the primary side. Table 2 summarizes the efficiency of the overall prototype. The efficiency is calculated as follows: All in all, the hypothesis of the experiment is accepted. The experiment has validated that WPT system with an asymmetric four-coil resonator is better in enlarging the B-field compared to symmetric four-coil resonator. In addition, the experiment has proven simulation results as well.
IV. CONCLUSION
Based on the results obtained from the experiment, it can be conclude that by placing both intermediate coils at the primary side is better in enlarging the B-field instead of placing them separately at the primary and secondary side. The differences revealed in the simulations and plotted graphs are amazing. Therefore, it would be better to apply the asymmetric four-coil resonator compared to symmetric four-coil resonator for the high power transmission in WPT system.
ACKNOWLEDGMENT
Sincerest appreciation goes to Assoc. Prof. Dr. Sheroz Khan as my supervisor for his guidance, support and inspiration. His thoughtful consideration and priceless guidance have contributed to the success of this research.
Saving the most important for last, I wish to give my heartfelt thanks to my husband, Mohamad Syafiq, whose unconditional love, patience, and continuous support of my academic endeavors over throughout the years enabled me to complete this research. 
